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Abstract
Objective—Knee osteoarthritis (OA) is highly prevalent and disabling. Patients with
radiographic knee OA may experience pain and functional impairment, which can diminish their
health status. Our objective was to determine factors associated with self-reported health status in
a national population-based sample with radiographic knee OA.
Methods—Our sample included all NHANES III participants who underwent a knee radiograph
and were found to have radiographic OA (defined as Kellgren-Lawrence (K-L) grade two or
higher). Self-reported health status was determined by asking the participant to rate their overall
health as excellent, very good, good, fair, or poor. Self-reported health status was analyzed as an
ordinal variable using cumulative logit regression, a dichotomous variable (excellent/very good/
good vs. fair/poor) using logistic regression, and as a continuous variable after transformation
using linear regression.
Results—Forty-two percent (N=1,021) of NHANES III participants with a knee radiograph were
included in this analysis. The multivariable analyses were performed on 1,009 (99%) of the
eligible participants with complete data. We found that non-white race, lower income, more
comorbidities, and greater functional limitation were associated with worse self-reported health
status in all three multivariable analyses.
Conclusions—To the best of our knowledge, this is the first study that quantifies the role of
clinical, radiographic and socio-economic factors associated with self-reported health status in a
population-based sample of patients with knee OA. Self-reported health status in patients with
knee OA is associated with functional status and comorbidity.
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Knee osteoarthritis (OA) is painful, disabling, and costly, and diminishes a person's health
status dramatically. Over 10 million people in the United States have knee OA.1 OA of the
knee is one of the five leading causes of disability among the elderly.2
Health status is a multi-dimensional domain comprising biological, physical, and emotional
functioning.3, 4 Self-reported health status is a measure of how one perceives and reports
one's own well-being. For example, participants may rate their health as excellent, very
good, good, fair, or poor. This sort of self-reported information provides an important
indicator of a person's health status.4 A variety of methods have been proposed to express
self-reported health status.5 One method is to classify the responses into two groups
(excellent, very good, or good vs. fair or poor).5 Another method is to analyze the responses
as an ordinal variable.5 Lastly, a particularly transparent approach is to express self-reported
health status on a scale from 0 to 1, where 0 corresponds to worst possible health and 1
corresponds to perfect health. Such scales are easy to interpret, and the unitless 0 to 1
response scale permits comparisons across medical conditions.3
Many studies have documented the effect of knee OA - as well as other specific conditions -
on the self-reported health status of patients' lives.6, 7 Few studies, however, have attempted
to characterize or explain variability in self-reported health status within specific conditions.
For example, the Beaver Dam Health Outcomes Study examined the influence of dozens of
conditions on self-reported health status, but only controlled for age. It did not examine the
contribution of comorbidities, the severity of symptoms of the disease, or other patient
characteristics on self-reported health status.6 Another study conducted among subjects
enrolled in Pennsylvania's Pharmaceutical Assistance Contract for the Elderly (PACE)
examined the effect on self-reported health status of OA and rheumatoid arthritis compared
to no arthritis. This study controlled for important factors, including age, gender, race,
income and comorbidities. However, the diagnosis was not specific to knees and
radiographs were not used to determine the presence of OA.7
Our objective was to determine the factors associated with self-reported health status in a
national population-based sample of persons affected by radiographic knee OA. We chose
participants affected by radiographic knee OA so that we could examine the impact of
symptomatic OA on a person's self-reported health status. We used data from the Third
National Health and Nutrition Examination Survey (NHANES III), which is the most recent
NHANES to perform radiographs of the knee, to identify factors that correlate with self-




NHANES III is a national population-based survey that was conducted from 1988-1994 by
the National Center for Health Statistics of the Center for Disease Control and Prevention.
The survey was conducted in two phases. Phase I took place from 1988-1991 and Phase II
from 1991-1994. NHANES III survey data were collected during a household interview. All
participants were then asked to schedule an appointment at a medical examination center
where additional data would be collected. Additional details about patient recruitment and
selection for the NHANES III survey has been documented.8
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The knee radiographs were performed using a non-weight bearing anteroposterior approach
according to NHANES III protocol.9 Radiographs were performed on both knees of all
participants surveyed between 1991 and 1994 who were 60 years of age or older and could
transfer themselves to the x-ray table under their own power. Severity of radiographic knee
OA was defined by Kellgren-Lawrence (K-L) grade, where zero indicates no knee OA, one
indicates a questionable osteophyte (doubtful knee OA), two indicates a definite osteophyte
but no joint space narrowing (mild knee OA), three indicates moderate narrowing of the
joint space (moderate knee OA), and four indicates severe narrowing of the joint space
(severe knee OA).10 K-L grades were computed for each knee by a trained radiologist. For
our analysis we used the greater of the right and left K-L grades, and we defined
radiographic knee OA as having a K-L grade of at least two. This definition served as the
inclusion criterion for this analysis.
Outcome: Self-reported health status
Self-reported health status was determined by asking the participant to rate their overall
health as excellent, very good, good, fair, or poor. Self-reported health status was analyzed
using three techniques. First, self-reported health status was dichotomized as excellent, very
good, or good versus fair or poor. Next, we considered self-reported health as an ordinal
variable. Lastly, we assigned each possible response a rating. To address the issue of
transforming ordinal variables to a rating scale using equal length intervals, we used the
rating scale proposed by Diehr and colleagues.11 Values of 0.95, 0.90, 0.80, 0.30, and 0.15
were assigned to the five possible responses respectively.11 The rating scale was then
transformed to an estimate of Standard Gamble utilities (0-1; worst to best possible health)
using the power transformation suggested by Torrance and colleagues to create a continuous
self-reported health status score, which is often called a utility score in economic
evaluations.12
Correlates of self-reported health status
Sociodemographic characteristics—Sociodemographic factors, such as age, gender,
race/ethnicity, and income were hypothesized to be associated with self-reported health
status. Age was classified into five categories; 1) 60-64 years old, 2) 65-69 years old, 3)
70-74 years old, 4) 75-79 years old, and 5) 80+ years old. Race/ethnicity was classified into
three categories; 1) Hispanic, 2) Non-Hispanic Black, and 3) Non-Hispanic White. Income
was also classified into four categories; 1) Less than $20,000, 2) $20,000-$34,999, 3)
$35,000 or more, and 4) missing. The missing category was added so that participants who
did not report their income could be included in the multivariable regression models.
Comorbiditities—NHANES III asks their participants several closed-ended questions
about the presence of medical problems at the time of the survey or in the past. A
comorbidity index was computed by counting the total number of self-reported medical
problems. These included asthma, chronic bronchitis, emphysema, congestive heart failure,
myocardial infarction, stroke, elevated cholesterol, hypertension, diabetes, cancer (including
skin cancer), fractures of the hip, wrist, or spine, gout, lupus, osteoporosis, back pain most
days for at least one month, goiter, urinary tract infection, pneumonia in the last 12 months,
blindness, cataracts, and thyroid disease. We then categorized the total number of
comorbidities into three levels; 0-1 comorbidities, 2-3 comorbidities, and 4 or more
comorbidities. Obesity status was considered as a separate factor and was defined as 1) non-
obese (BMI < 30), 2) obese (BMI ≥ 30) and 3) missing.13 The missing category for obesity
status was added so that participants with missing BMI values could be included in the
multivariable regression model.
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Radiographic Severity, Knee Pain, and Functional Limitation—Severity of
radiographic knee OA was classified using K-L grade: we analyzed K-L grade as a
categorical variable (grades II, III, and IV). Knee pain was defined as having knee pain on
most days for at least six weeks. A composite functional limitation index was defined from
two questions in the household interview; 1) difficulty walking a quarter-mile and 2)
difficulty stooping, crouching, or kneeling. The participants were assumed to have reported
zero limitations if they answered “No” to both questions, one limitation if they answered
“Yes” to one of the questions and two limitations if they answered “Yes” to both questions.
We performed internal validation of the index by examining its association with
radiographic severity and use of a walking aid, such as a cane or walker.
Statistical analysis
The interview and examination datasets were merged to produce a single data set that
contained all relevant information. Three analyses were performed; one for each of the three
techniques of examining the outcome of self-reported health status.
Self-reported health status as a dichotomous variable—Multivariable logistic
regression was performed on our dichotomous outcome to obtain odds ratios of being in fair
or poor health.
Self-reported health status as an ordinal variable—Multivariable cumulative logit
regression was performed on our ordinal outcome to obtain cumulative odds ratios.
Cumulative odds ratios that were greater than one were more indicative of worse self-
reported health status.
Self-reported health status as a continuous variable—We used two-sample
independent t-tests and one-factor analysis of variance to compare unadjusted mean
estimates of our self-reported health status score for our hypothesized correlates. We
employed multivariable linear regression to obtain adjusted mean estimates of the self-
reported health status score. Scheffe's procedure was used to adjust for multiple comparisons
where appropriate.14
We tested for interactions to identify specific subgroups that report a worse self-reported
health status for all three variants of the outcome. The interaction between radiographic
severity and knee pain was of particular interest, but we also examined interactions
involving functional limitation with comorbidity, comorbidity with obesity, and gender with
radiographic severity, comorbidity, and obesity. P-values less than 0.05 were considered to
be statistically significant. All statistical analyses were performed using version 9.1 of SAS
statistical software (Cary, NC).
We employed survey regression methods as a sensitivity analysis to take into account the
survey design. We did not use the sampling weights in this analysis because the variables
used to determine the weights (age, gender, and race/ethnicity) were also predictors of
interest.15 The methods used in our data analyses were consistent with a more detailed
discussion of the use of sampling weights for NHANES analyses.15, 16 The results that
took into account the possible correlations between individuals within primary sampling
units and strata were analogous to the standard multiple linear regression and are not
presented here because the results would be redundant.
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Two thousand five hundred eighty-six participants completed the NHANES III household
questionnaire and had the physical examination. Of the 2,586 participants, 2412 (93%) had a
K-L score evaluated on at least one knee. Of these, 1,021 (42%) had radiographic knee OA
(K-L II or higher), which comprised the sample for this analysis.
The baseline demographic features of the sample are presented in Table 1. The average age
was 73 and the sample primarily consisted of females (61%). A substantial portion of the
sample consisted of racial/ethnic minorities (46%) and 55% of the participants reported
annual incomes of less than $20,000. Seventy-six percent had at least two comorbid
conditions, and 25% were obese. Seventy-one percent had a K-L grade of II and 63%
reported at least one functional limitation.
Internal validation of the functional limitation index
The functional limitation index was highly correlated with radiographic severity and the
self-reported use of a walking aid. Seventeen percent of participants who reported no
functional limitations had a K-L grade of IV, while 51% of participants who reported two
functional limitations had a K-L grade of IV. Also, 6% of participants who reported zero
functional limitations used a walking aid compared to 74% who reported two functional
limitations (Figure 1).
Correlates of self-reported health status: Dichotomous outcome
Results of the multivariable logistic regression are shown in Table 2. We found that clinical
(functional limitation and comorbidity) and socio-economic (race/ethnicity and income)
factors were associated with self-reported health status, but not radiographic. Those with one
functional limitation (OR=1.68; 95% CI: 1.13, 2.48) or two functional limitations (OR=4.42;
95% CI: 2.95, 6.64) were more likely to be in fair or poor health than those with zero
functional limitation. Those with two or three comorbidities (OR=2.68; 95% CI: 1.76, 4.10)
or four or more comorbidities (OR=5.49; 95% CI: 3.48, 8.66) were more likely to be in fair
or poor health than those reporting zero or one comorbidities. Non-Hispanic Blacks
(OR=2.32; 95% CI: 1.56, 3.43) and Hispanics (OR=2.94; 95% CI: 1.97, 4.39) were more
likely to be in fair or poor health than Non-Hispanic Whites. Those making over $35,000
(OR=0.44; 95% CI: 0.27, 0.72) were less likely to be in fair or poor health than those
making less than $20,000. We did not find a statistically significant association between age,
gender, obesity status, K-L grade, or knee pain status with self-reported health status in this
model.
Correlates of self-reported health status: Ordinal outcome
Results of the multivariable cumulative logit regression yielded similar results as the
multivariable logistic regression and are also presented in Table 2. Functional limitation,
comorbidity, race/ethnicity, and income remained associated with self-reported health status.
The multivariable cumulative logit regression model also showed that age and gender were
associated with self-reported health status. NHANES III participants that were 80 years old
or older (cumulative OR = 0.63; 95% CI: 0.42, 0.93) were less likely to have a lower self-
reported health status than those who were between the ages of 60 and 64. Also, males
(cumulative OR = 1.32; 95% CI: 1.03, 1.68) were more likely to have a lower self-reported
health status than females.
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Correlates of self-reported health status: Continuous health status score
The mean self-reported health status score for the entire sample was 0.81 with a standard
deviation of 0.24. Unadjusted and adjusted mean self-reported health status scores are
shown in Table 3. K-L grade and knee pain both had a substantial influence on self-reported
health status scores in the unadjusted analysis (p=0.01 and p<0.01 respectively). However,
these two variables were not associated with self-reported health status scores in the
multivariable regression (p=0.21 and p=0.71 respectively). Those with increased functional
limitation experienced significantly lower self-reported health status scores (p<0.01 for
unadjusted and adjusted analyses; see Table 3). In the adjusted analysis, those reporting zero
functional limitations had a mean self-reported health status score of 0.85 (95% CI: 0.82,
0.89), while those reporting two functional limitations had a mean self-reported health status
score of 0.70 (95% CI: 0.67, 0.73).
Comorbidities greatly influenced self-reported health status scores in this sample. Figure 2
displays the relationship between comorbidities and the self-reported health status score
stratified by functional limitation. While the interaction between comorbidities and
functional limitation with respect to the relationship with self-reported health status scores
was not statistically significant, Figure 2 shows the trend in decrement in self-reported
health status due to worsening functional status and increasing comorbidity.
Race/ethnicity was among the factors influencing self-reported health status scores. Results
of the multivariable analysis revealed that non-Hispanic whites had a significantly higher
mean self-reported health status score than both non-Hispanic blacks and Hispanics: 0.86
(95% CI: 0.82, 0.89) for non-Hispanic whites vs. 0.77 (95% CI: 0.73, 0.80) for non-Hispanic
blacks and 0.75 (95% CI: 0.71, 0.78) for Hispanics respectively.
Income was also associated with self-reported health status in both the unadjusted and
adjusted analyses (p<0.01 for both analyses). The multivariable analysis showed an
association between gender and self-reported health status (p=0.03) but not age and self-
reported health status (p=0.27). Obesity was associated with lower self-reported health status
in the unadjusted analysis (p<0.01), but not in the adjusted analysis (p=0.35).
Interactions
We did not find evidence that K-L grade modifies the relationship between functional
limitation and self-reported health status as the interaction between K-L grade and knee pain
was not statistically significant in any of the multivariable analyses. In fact, none of the
interactions that we tested were statistically significant in any of the multivariable regression
models.
Discussion
We conducted an analysis to determine correlates of self-reported health status in
individuals with radiographic knee OA among NHANES III participants. While we found
clear evidence that a greater number of comorbidities and a higher degree of functional
limitation were associated with worse self-reported health status, neither radiographic
severity of OA nor knee pain influenced self-reported health status in analyses that adjusted
for functional status. Further, we did not find evidence of modification of the effect of knee
pain on self-reported health status by K-L grade. That is, while radiographs provide the most
widely acknowledged indicator of OA severity, this parameter did not appear to influence
self-reported health status in our sample. While the fact that we found an association
between functional limitation and self-reported health status was not surprising, the
magnitude of the decrement in self-reported health status for those with two functional
limitations was quite striking. We also found that demographic and socio-economic factors
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including non-white race and lower income were also associated with lower self-reported
health status in all three multivariable regression models.
Obese participants had on average lower self-reported health status scores than non-obese
persons in the unadjusted analysis (0.83 vs. 0.78 respectively; p<0.01). This relationship was
not seen when adjusting for the other factors in the model (p=0.35). This is most likely due
to two reasons: 1) the fact that obese participants also experience some of the comorbidities
that we accounted for in our summative comorbidity index, and 2) the fact that obesity is
correlated with other factors in the model (e.g. functional status), leaving no additional
variance in the self-reported health status score to be explained by obesity after adjusting for
the variables that were included in the multiple regression model. Lastly, we examined
interactions involving functional limitation, knee pain, radiographic severity, obesity,
comorbidity, and gender, but we were unable to find any that further explained the
variability in self-reported health status.
To the best of our knowledge there are no studies evaluating correlates of self-reported
health status in a population-based sample of individuals with evidence of radiographic knee
OA. The Beaver Dam Health Outcomes Study derived age-adjusted mean estimates of a true
health utility using the time-trade-off technique in patients with arthritis, but not specifically
radiographic knee OA.6 In their age-adjusted analysis, which adjusted for the mean age of
64.1 years in their sample, they found that those with arthritis had a health utility of 0.82
with a 95% confidence interval of (0.80, 0.83).6 This result was consistent with the overall
mean self-reported health status score (0.81) that we described in this report even though the
mean age in our sample is 73 years. This is due to the fact that age was not associated with
self-reported health status in two of our analyses. The association seen between age and our
ordinal self-reported health status outcome is likely due to a healthy survivor effect since
patients age 80 and older were more likely to report being in better health than those who
were between the ages of 60 and 65. The advantage of our study is that it provides more
detailed information about factors that are associated with self-reported health status in
patients with knee OA that allows further discrimination of self-reported health status
among persons with knee OA.
Our results are consistent with other studies that examined the impact of race and income on
self-reported health status.7, 17-19 The study using subjects enrolled in Pennsylvania's
Pharmaceutical Assistance Contract for the Elderly (PACE) demonstrated findings similar to
what we found with regard to race, income, and comorbidities but not age. The authors
analyzed the general health status question as a dichotomous variable (excellent, very good,
or good vs. fair or poor) as well.7 Subjects age 85 or older were more likely to respond as
having fair or poor health than those between the ages of 65 and 74, but they were less likely
to respond as having fair or poor health than those between the ages of 75 and 84.7 The
authors also found that non-white race, lower income, and more comorbidities were
associated with worse self-reported health status7, which is concordant with our results.
However, our sample is a national sample, while PACE is restricted to residents in
Pennsylvania. Also, our additional use of a continuous measure allows for further
discrimination and estimates that can be used in economic evaluations.
There are several limitations to our study, including that the estimates provided in this
manuscript are not population-based estimates. One is that NHANES III used non-weight
bearing knee radiographs. This may underestimate the presence and severity of radiographic
knee OA20 and could potentially reduce the influence of radiographic severity on self-
reported health status. Also, patellofemoral OA is not assessed formally in the K-L grading
system. Since patellofemoral OA may be quite painful, this may adversely influence self-
reported health status. We acknowledge that the cumulative logit regression model may not
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meet the proportional odds assumption in this case. However, since the test for
proportionality of odds can be overly sensitive in the presence of large samples we used it as
a secondary analysis that confirmed many of the same relationships as ordinary logistic
regression. Another limitation of this study is that we were not able to determine causality or
observe how self-reported health status changes over time due to the cross-sectional design.
As with any observational study, we acknowledge the possibility of not accounting for other
confounders which may explain additional variability in self-reported health status. This
includes OA in other joints, which were not formally ascertained in NHANES III. It would
be important to study the effect of changes in disease severity, symptoms, and comorbidities
on changes in self-reported health status over time. We recognize that estimating the effect
of missing obesity status and income on self-reported health status may lead to biased
estimates with respect to these two variables if the data is not missing completely at random.
We acknowledge that our continuous outcome (the transformed rating scale) is an estimate
and not a directly elicited Standard Gamble utility.12 Further research should be done in
samples in which utilities would be elicited using direct assessment. Lastly, we recognize
that the various comorbidities included in our summative index may not be equally
contributing to one's self-reported health status. However, creating a single comorbidity
index with equal weights seemed to provide adequate adjustment in our model while
accounting for the fact that each comorbidity was relatively rare. This simplification, which
has been done in other studies looking at the impact of comorbidity on self-reported health
status4, would result in a conservative bias, making it more difficult to detect the influence
of comorbidities on self-reported health status.
We found that more comorbidities, a higher degree of functional limitation, non-white race,
and lower income were associated with a worse self-reported health status in this sample of
participants with radiographic knee OA. These results point to subpopulations of patients
with knee OA at risk for experiencing worse health. From a clinical point of view, health
enhancing interventions could be aimed especially at these subpopulations. From a research
standpoint, these patient characteristics should be noted as potential confounders in studies
of self-reported health status in knee OA. Further research needs to be done to evaluate how
self-reported health status changes in patients as their disease severity and symptoms
progress or recede.
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Distribution of the functional limitation index by K-L grade and use of a walking aid.
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Adjusted mean estimates of health-related quality stratified by comorbidities and functional
limitation. The error bars represent 95% confidence intervals for the adjusted mean and the
width is adjusted using Scheffe's procedure.
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Table 1












Non-Hispanic White 544 (53.9%)
Non-Hispanic Black 240 (23.8%)
Hispanic 225 (22.3%)
Income



















Number of Functional Limitations
0 374 (36.6%)


















The summative index of comorbidities include: asthma, chronic bronchitis, emphysema, congestive heart failure, myocardial infarction, stroke,
elevated cholesterol, hypertension, diabetes, cancer (including skin cancer), fractures of the hip, wrist, or spine, gout, lupus, osteoporosis, back pain
most days for at least one month, goiter, urinary tract infection, pneumonia in the last 12 months, blindness, cataracts, and thyroid disease.
†
Obesity is defined as BMI ≥ 30.
‡
Knee pain is defined as knee pain on most days for the past six weeks.













Reichmann et al. Page 14
Table 2
Odds ratios and cumulative odds ratios of correlates of self-reported health status from logistic and cumulative
logit regression models for NHANES III participants with radiographic knee OA
Correlates of fair/poor health status Correlates of worse health status
Odds Ratio 95% Confidence Interval Cumulative Odds Ratio 95% Confidence Interval
Age
60-64 Years Old 1.00 -- 1.00 --
65-69 Years Old 1.13 0.70, 1.83 0.98 0.67, 1.43
70-74 Years Old 0.79 0.48, 1.30 0.80 0.55, 1.17
75-79 Years Old 0.71 0.41, 1.21 0.68 0.45, 1.03
80+ Years Old 0.75 0.45, 1.24 0.63 0.42, 0.93
Gender
Female 1.00 -- 1.00 --
Male 1.35 0.99, 1.85 1.32 1.03, 1.68
Race/Ethnicity
Non-Hispanic White 1.00 -- 1.00 --
Non-Hispanic Black 2.32 1.56, 3.43 2.15 1.58, 2.93
Hispanic 2.94 1.97, 4.39 2.70 1.96, 3.71
Income
< $20K 1.00 -- 1.00 --
$20K-$35K 0.69 0.47, 1.02 0.69 0.51, 0.93
$35K+ 0.44 0.27, 0.72 0.42 0.30, 0.60
Missing 0.73 0.44, 1.22 0.82 0.55, 1.23
Comorbidities *
0-1 1.00 -- 1.00 --
2-3 2.69 1.76, 4.10 2.23 1.65, 3.01
4+ 5.49 3.48, 8.66 4.11 2.94, 5.74
Obesity Status †
Non-Obese 1.00 -- 1.00 --
Obese 1.04 0.73, 1.48 1.14 0.86, 1.51
Missing 1.25 0.71.2.20 1.70 1.08, 2.70
K-L Grade
II 1.00 -- 1.00 --
III 0.89 0.61, 1.29 0.97 0.72, 1.29
IV 1.41 0.80, 2.47 1.33 0.83, 2.11
Knee Pain ‡
No 1.00 -- 1.00 --
Yes 0.94 0.67, 1.31 1.14 0.88, 1.49
Number of Functional Limitations
0 1.00 -- 1.00 --
1 1.68 1.13, 2.48 1.37 1.02, 1.84
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Correlates of fair/poor health status Correlates of worse health status
Odds Ratio 95% Confidence Interval Cumulative Odds Ratio 95% Confidence Interval
2 4.42 2.95, 6.64 3.24 2.34, 4.47
Odds ratios come from a multivariable logistic regression model where the probability of fair or poor health is being modeled. Odds ratios greater
than 1 are associated with being in fair or poor health. Cumulative odds ratios come from the multivariable cumulative logit regression model.
Cumulative odds ratios greater than 1 are associated with worse self-reported health.
*
The summative index of comorbidities include: asthma, chronic bronchitis, emphysema, congestive heart failure, myocardial infarction, stroke,
elevated cholesterol, hypertension, diabetes, cancer (including skin cancer), fractures of the hip, wrist, or spine, gout, lupus, osteoporosis, back pain
most days for at least one month, goiter, urinary tract infection, pneumonia in the last 12 months, blindness, cataracts, and thyroid disease.
†
Obesity is defined as BMI ≥ 30.
‡
Knee pain is defined as knee pain on most days for the past six weeks.
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